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Abstract 
Cardiac rehabilitation (CR) is an established evidence-based intervention which reduces the risk of 
mortality, morbidity and can improve health related quality of life (HRQOL). In the UK CR service 
delivery and outcome are routinely evaluated through the National Audit of Cardiac Rehabilitation 
(NACR); a patient registry of those eligible for CR. Auditing of services facilitates the identification 
of practice inconsistency and inequalities or inequities that may otherwise go unnoticed. Several 
have been reported in the NACR annual statistical report, but what remains unknown is how this 
may impact patient outcome, a question which forms the basis for this programme of research. The 
overarching aim is to identify and better understand determinants of quality delivery and outcome 
and, where evident, promote positive service change for patient benefit. Specifically, I investigated 
how CR is currently utilised and what predicts initiation, how clinically effective current day CR is 
and what impact does CR timing and employment status have on patient outcome. A series of 
quantitative investigations were undertaken, including one systematic review and four separate 
data analyses using data from the NACR registry, each of which is presented in this thesis.  
 
The research highlights the importance of adhering to clinical guidelines on service timing and the 
need to conduct and use information from rigorous pre-CR patient assessment. Aspects of this work 
have also fed into the NACR_British Association for Cardiovascular Prevention and Rehabilitation 
(BACPR) certification programme; a national initiative to drive service improvement. Overall this 
thesis serves as an exemplar of work on the utility of observational data i.e. registry-based analysis.  
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Chapter 1 Introduction and Aims of Thesis 
This integrative thesis forms a coherent body of research around the subject of cardiac rehabilitation 
(CR). The thesis begins by defining the condition and intervention, namely coronary heart disease 
treated through CR. A rationale for the type of research design and methods used to address the 
primary research questions is then set out. Subsequently the aims of the thesis are outlined, and 
three research chapters are presented each with an overview of their respective papers. The 
research chapters start with explorations into how ‘modern’ CR is utilised, how effective routine CR 
is and subsequently how use and effectiveness may be impacted by patient characteristics and 
service delivery. The final two chapters conclude the findings of the research chapters, examine the 
limitations of the work, make recommendations for clinical practice and discuss future research 
opportunities. 
 
Cardiovascular Disease 
Cardiovascular disease covers a multitude of conditions which affect the heart and blood vessels 
including coronary heart disease, cerebrovascular disease, peripheral artery disease, congenital 
heart conditions, deep vein thrombosis and pulmonary embolism (WHO, 2017a). The global 
economic and societal burden of cardiovascular disease is vast; an estimated 85 million people in 
Europe live with cardiovascular disease (European Heart Network, 2017) (7 million in the United 
Kingdom (UK) alone) (Centre for Economics and Business Research, 2014; British Heart Foundation, 
2018). In 2015 31% (17.7 million) of all deaths were due to cardiovascular disease (WHO, 2017a) 
and by 2020 the cost (direct healthcare and indirect loss of productivity) is projected to approach 
€122.6 billion across six major European economies (Centre for Economics and Business Research, 
2014). To reduce the burden of this disease effective healthcare and prevention strategies are 
integral. 
 
Cardiovascular disease is often, but not always, the product of atherosclerosis i.e. the build-up of 
fatty material inside the arteries which can occur anywhere in the body. Coronary Heart Disease 
(CHD), or ischaemic heart disease, refers specifically to atherosclerosis of the arteries which feed 
the heart muscle. Occlusion of these vessels reduces blood flow depriving the heart muscle of 
nutrients and oxygen which can lead to chest pain called angina. In extreme cases severe or 
complete blockage of the blood vessel leads to tissue death and heart attack (acute myocardial 
infarction (AMI)) (NHS Choices, 2017). AMI alone accounts for nearly 200,000 hospital episodes each 
year in the UK (British Heart Foundation, 2018).  
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CHD does not occur immediately but rather develops gradually over time. Several risk factors of CHD 
have been identified including smoking, poor diet (i.e. high salt, saturated fat), obesity, inactivity 
and high cholesterol. Hereditary factors including a family history of CHD, particular ethnic 
backgrounds or the presence of specific comorbid conditions i.e. high blood pressure and diabetes 
are also risk factors (NHS Choices, 2017; WHO, 2017a). The risk from many of these factors can be 
reduced through lifestyle change and as such lifestyle modification is often recommended to 
prevent the worsening of CHD and to reduce the risk of primary AMI (NICE, 2016). In cases where 
AMI occurs the treatment approach is often multifaceted. Treatment may inlcude drugs to reduce 
clot formation, lower blood pressure and manage lipids as well as surgery to widen narrowed vessels 
improving blood flow (Percutaneous Coronary Intervention (PCI)) or bypassing the narrowed or 
blocked blood vessel (Coronary Artery Bypass Surgery (CABG)) and finally rehabilitation, including 
lifestyle management, formally known as CR (NICE, 2013b).   
 
Cardiovascular Care and Cardiac Rehabilitation 
The care of cardiovascular patients has evolved substantially over time. As reported in reviews by 
Mampuya (2012); Pashkow (1993) and Certo (1985) the benefits and implementation of early 
mobilisation and exercise were not recognised for a protracted period historically. Despite early 
reports in the 17th century of exercise prescriptions benefiting those with angina, bed rest for up to 
eight weeks was commonly practiced in cases of acute cardiac events (Certo, 1985; Pashkow, 1993; 
Mampuya, 2012). The notion of bed rest was again reinforced by Herrick in 1912, who wrote a 
landmark article on coronary vessel occlusion and again in 1930 by White, Mallory and Salcedo who 
described the myocardium healing period after AMI (Herrick, 1912; White, 1936). Not until the 
1940’s were light exercise therapies introduced (Certo, 1985; Pashkow, 1993; Mampuya, 2012). 
Levin and Lown’s chair therapy was one of the first examples of early mobilisation (Levine and Lown, 
1952). Alongside pioneering work on early mobilisation, separate studies documenting the adverse 
effects of prolonged bed rest (Saltin, 1968) gradually led to a change in practice. Around this time 
the first examples CR emerged, such as the multi-disciplinary CR programme developed by 
Hellerstein (Hellerstein and Ford, 1957).  
 
Aside from the development of rehabilitation a succession of cardiovascular care developments also 
occurred during the same period. The advent of the coronary care unit, an approach proposed in 
the early 60’s to improve monitoring and resuscitation access in high risk AMI patients. The units 
worked by assigning patients, trained staff and equipment to a single designated location within a 
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hospital (Julian, 1961; Wilburne and Fields, 1963). The development and use of thrombolytics, 
angioplasty, stenting and CABG, which all serve to reperfuse heart tissue, have also reduced 
mortality and morbidity as reviewed extensively in the literature (Sherry, 1989; Berry, 2009; Roguin, 
2011; Head, 2013). Subsequently systematic reviews and meta-analysis comparing the effectiveness 
of AMI therapies (Zhu, 2001; Keeley, 2003; Deb, 2013) and the effect of CR (Jolliffe, 2001; Heran, 
2011; Anderson, 2016) have paved the way to current care guidelines (NICE, 2013a; NICE, 2013b). 
 
Today CR is defined as: 
 
“The coordinated sum of activities required to influence favourably the underlying cause of 
cardiovascular disease, as well as to provide the best possible physical, mental and social 
conditions, so that the patients may, by their own efforts, preserve or resume optimal 
functioning in their community and through improved health behaviour, slow or reverse 
progression of disease” (BACPR, 2017) 
 
The UK Department of Health defines six stages of care for cardiac rehabilitation patients, from 
identification through to long term patient management (Figure 1). 
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Figure 1 Department of Health commissioning guide six-stage patient pathway of care 
Adapted from the 2017 BACPR standards and core components guideline (BACPR, 2017) 
 
 
CR is expected to be multi-component, multi-disciplinary and menu-driven i.e. treatment provided 
in accordance with the needs of the patient, including structured exercise two to three times a week 
over a minimum of eight weeks duration (BACPR, 2017). An abundance of national and international 
guidance now exists detailing standards of care (Department of Health, 2000; Giannuzzi, 2003; 
Balady, 2007; Piepoli, 2012; Department of Health, 2013; BACPR, 2017), however questions remain 
as to the extent of implementation and routine clinical practices (Kotseva, 2013; NACR, 2017).  
 
1. Manage referral and recruit patient 
Identify and refer patient 
2. Assess patient 
3. Develop patient care plan 
4. Deliver comprehensive CR programme 
5. Conduct final CR assessment 
6. Discharge & long-term management 
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Quality Assurance in Cardiac Rehabilitation 
The National Audit of Cardiac Rehabilitation (NACR) was set up in 2005, funded by the British Heart 
Foundation, with an aim to improve and prevent inequalities in care and identify issues of inequity. 
The NACR has evolved into a world-leading audit which collects information on CR service delivery, 
patient use and patient outcome. It supports CR clinical teams to improve the quality of the services 
they deliver. In 2017 out of the 303 CR programmes, which existed at the time of the report, an 
estimated 74% provided data to the NACR capturing 87,827 patients starting CR (NACR, 2017). The 
2017 British Association for Cardiovascular Prevention and Rehabilitation (BACPR) guidelines 
reiterate the importance of audit for the purposes of performance review (BACPR, 2017). Figure 2, 
extracted from the BACPR 2017 guidelines, details how the patient pathway and NACR data entry 
points align.   
 
 
 
 
Figure 2 CR patient pathway and NACR data entry points  
Extracted from the 2017 BACPR standards and core components guideline (BACPR, 2017) 
 
 
Since the implementation of the 2012 BACPR minimum standards (BACPR, 2012) and prior to the 
updated 2017 guideline (BACPR, 2017), a national CR certification programme was developed 
 
 
 
 
 
 
 
GP / Acute Acute / Outpatient Outpatient / Community Outpatient / Community Outpatient / Community / GP
Identify and Refer 
Patient
Manage referral 
and recruit patient
Assess Patient
Develop patient 
care plan
Deliver 
comprehensive CR 
Programme
Conduct final CR 
Assessment
Discharge and 
transition to long 
term management
Reason for referral 
recorded in Initiating 
Event.  Source of 
referral, and referral 
date recorded
Referral dates and 
start dates for all 
early and core rehab.
Risk Assessment
Previous events and 
comorbidities
Assessment 1, 
baseline before core 
rehab delivery: 
From patient self 
assessment 
questionnaire, and 
clinical appointment
Measures physical / 
activity / 
fitness/anxiety and 
depression/drugs
Tailored rehab based 
on assessment
Duration and 
number of sessions 
measured; type of 
rehab delivered 
recorded.  Core 
components listed.
Assessment 2 end 
of rehab.  Repeat of 
measurements at 
Ass 1 for outcomes.
Onward referral 
recorded
Ass 3 at 12 month 
follow up if  
resourced  to do so.
National Audit of Cardiac Rehabilitation 
CR patient journey aligned with NACR data entry pathway 
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collaboratively between the NACR and the BACPR (Furze, 2016). The aim of the scheme is to 
evaluate and grade CR performance promoting the continuous improvement of service quality. 
Launched in 2015 the pilot evaluated six standards deemed key to successful high-quality CR:   
 
• Access of CR to all priority groups (MI, PCI, CABG, heart failure (HF)) 
• ≥69% with recorded assessment before starting formal CR programme 
• ≥49% of core CR patients with recorded assessment after completing CR programme 
• A median waiting time from referral to start within 40 days for MI/PCI and HF patients and 
54 days for CABG 
• A median duration of CR of 54 days for conventional delivery or 42 days where the Heart 
Manual (an evidence-based six-week facilitated self-management programme) was the sole 
method of delivery.  
 
In the first year of assessment using data from 2013-2014 31% of programmes met five or six of 
these criteria, 46% met three or four of these criteria and 23% met zero or two criteria (Doherty, 
2017). To this date the certification scheme continues to roll out across the UK with a view to 
continually re-evaluate assessment criteria to drive service improvement.  
 
Despite established guidelines on care and schemes such as the NACR_BACPR certification 
programme, in recent years the efficacy of modern CR has been scrutinised. For the purposes of this 
thesis ‘modern’ CR is defined as the period following the introduction of major cardiovascular 
developments including statins (Johannesson, 1997), surgical advancements (Montalescot, 2004) 
and publication of multiple international guidelines on modern standards of care between 1994 and 
2003 (Balady, 1994; Department of Health, 2000; Jolliffe, 2001; Giannuzzi, 2003; Balady, 2007). CR 
evidence accumulated in systematic reviews and meta-analyses is largely aged and arguably a poor 
reflection of modern-day practices. This opinion led to the commission, by the National Health 
Service (NHS) Research & Design programme, of a new multi-centre pragmatic Randomised 
Controlled Trial (RCT) in the late 1990’s known as the RAMIT trial. The study was designed to 
ascertain the effect of modern CR on mortality, morbidity, health-related quality of life and activity. 
However, the results of the RAMIT trial became the subject of much debate after the results found 
no evidence of benefit from CR (West, 2012). Regardless of the trial’s findings, national guidance 
did not change as a consequence, likely due to heavy criticism of the trial’s execution, which many 
argued undermined the validity of the study findings (Doherty and Lewin, 2012; Rashid and Wood, 
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2012; Taylor, 2012; Wood, 2012). However, more recent articles continue to challenge CR such as 
the systematic review by Powell (2018) which compared exercise and non exercise-based CR and 
found no effect on all-cause and cardiovascular mortality and a significant but clinically irrelevant 
effect on hospital re-admission (Powell, 2018). However, such evidence should be interpreted with 
caution as the study included a poor definition of CR, including articles which do not meet national 
guidelines on the composition of CR (BACPR, 2017). In addition, although the study purported to be 
a review of current CR evidence (year ≥2000), they included studies with no clear recruitment date. 
Thus, to date the question of modern CR efficacy remains unanswered and still important. While 
RCTs remain the gold standard in determining interventional efficacy, a different approach should 
be considered to address the unanswered question of modern-day CR effectiveness, i.e. an 
observational approach. 
 
Observational and Experimental Studies 
Broadly speaking quantitative research falls into two categories; observational and experimental. 
Experimental studies, such as RCTs, investigate the effect of an exposure (i.e. an intervention) by 
randomly allocating participants to the exposure or not and determining the effect in each group. 
Conversely observational research investigates exposure and effect without allocating participants 
but rather through identification and observation of those exposed or not (Bowers, 2008).  
 
Notwithstanding the higher ranking of RCTs in the evidence hierarchy (Murad, 2016), a major 
criticism of experimental research rather than observational is bias sampling i.e. the 
representativeness of the data. RCTs apply strict recruitment criteria, which can often lead to a 
population sample which is not reflective of those in, or those that will access, routine care. For 
example, the mean age of RCT participants, reported in the most recent Cochrane review of CR 
effectiveness (Anderson, 2016), was 56 years (range 49.3-71.0 years) compared to a mean age of 67 
years (range 18-108 years) in the most recent NACR statistical report (NACR, 2017). Pragmatic 
randomised trials attempt to overcome such issues in generalisability by more closely reflecting 
routine practice, from the participants recruited, the study setting used and the operationalisation 
of the intervention (Roland and Torgerson, 1998). However, pragmatism in trials is not a dichotomy, 
rather there is a spectrum between optimal trial conditions (explanatory) and routine practice 
(pragmatic). Consequently, tools such as the pragmatic-explanatory continuum indicator summary 
(PRECIS) have even been developed to assist researchers in RCT design and interpretation (Thorpe, 
2009).  
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The availability of the pragmatic trial design does not negate the need for observational methods. 
Barnish and Turner (2017) commented that registries are distinct from pragmatic trials in that they 
can be used for real world evaluation of an intervention as it is routinely delivered rather than a 
‘realistic simulation’ (Barnish and Turner, 2017). The NACR is the largest and most comprehensive 
registry of CR in the UK, collecting patient data from approximately 74% of CR programmes in the 
UK (NACR, 2017). Ethics may also play in role in the choice of design i.e. in certain instances RCT’s 
may be inappropriate. For example, the poor recruitment to the RAMIT trial, which was well funded, 
highlighted the reluctance to randomise patients to a form of usual care (no CR) that goes against 
the evidence base and routine practice at that time (West, 2012). The programmes which enlisted 
on the RAMIT trial and recruited may not have been representative of UK CR leading to selection 
bias, which is counter to the purpose of pragmatic trial designs (Oude Rengerink, 2017). There may 
also be topics which are less suitable for study with an RCT approach. For example, paper 3 aimed 
to explore the impact of start time on outcome. Not only is it ethically impossible to randomise 
patients to late starting CR, when guidelines on timing exist, but practically the size of the study and 
infrastructure to answer such a question is infeasible. Indeed, the cost as well as the convenience 
of accessing existing data are often cited as advantages of using registry data (Gliklich, 2014).  
Similarly, rare and very long-term outcomes are often only feasibly investigated using observational 
approaches (Gliklich, 2014).  
 
As outlined, there are clear advantages and potentially ethical reasons for choosing an observational 
approach, but that is not to say there are no drawbacks. Confounding is a major limitation of 
observational research (Bowers, 2008). This is unlike RCTs which randomly allocate participants to 
the exposure and control, a technique which balances known and unknown confounders generating 
equitable groups (Roberts and Torgerson, 1998). As such care must be taken to account for 
underlying differences between two or more groups when exploring cause and effect relationships 
in observational studies. For example, observational data could be used to compare the number of 
deaths in those exposed to drug X (group A) to those not exposed to drug X (group B) (Figure 3). In 
this example a lower number of deaths are reported in those taking drug X, therefore you could 
conclude that drug X reduces mortality. However, the effect may also be explained by underlying 
differences between the groups. In this example group B are substantially older than group A and 
are therefore more likely to die. This is known as a confounder. Substantial work has gone into 
developing statistical techniques to manage confounding i.e. adjusted regression analyses, 
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propensity-based analyses and matching techniques, which has greatly improved the rigour of 
observational findings (Kahlert, 2017).  
 
 
 
 
 
   
 
 
 
 
 
 
To date there continues to be much debate regarding the strength of observational data. Studies 
comparing the results of RCT and observational based research have reported bias in observational 
findings, whilst others identify no substantial differences between the results from the respective 
methodological approaches (Doherty and Rauch, 2013). One systematic review compared long and 
short-term mortality outcomes from CR in RCTs and observational studies using propensity 
methods; a statistical technique used to manage confounding (Dahabreh, 2012). A greater 
magnitude of effect was found in the observational research compared to RCTs, however the 
difference was rarely statistically significantly different. Limited effect differences were also 
reported in a Cochrane review of reviews comparing outcomes from observational and RCTs 
addressing the same question (Anglemyer, 2014). Overall, the evidence supports the use of 
observational data where appropriate methods have been employed.  
 
For the purposes of this programme of research an observational approach was i) more appropriate 
for the aims of the studies and ii) generated findings which were derived from a more representative 
population accessing CR than a RCT could achieve.      
Group A (n=50) 
Group B (n=50) 
10 deaths 
20 deaths 
Exposure to drug 
X 
No exposure to drug 
X 
Age 
Confounder 
Figure 3 Example of the impact of confounding 
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Thesis Aims 
Healthcare audits seek to improve patient care and outcome through the review of service and 
patient level data against set criteria. The NACR annually reports on the delivery, patient use and 
outcome of those using CR services across the UK. Through analysis of routine data the audit can be 
used to observe and report on inequalities and inconsistencies in practice and identify instances of 
inequity, i.e. lack fairness, that may otherwise go unnoticed. With the inclusion of patient outcomes 
in the NACR dataset it also provides a unique opportunity to go beyond audit level reporting and 
investigate what inequality and inequity may mean in terms of patient outcome.  
 
This thesis utilises the strengths and availability of routine patient data to investigate how service 
delivery and patient level factors can influence the outcome of CR. The overarching aim of this 
programme of research was to identify and better understand determinants of quality delivery and 
outcome and, where evident, promote positive service change for patient benefit. 
 
To achieve the aims of this thesis the programme of research consisted of three phases (Figure 4), 
which are outlined in greater detail as follows. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Phase 1: 
CR Utilisation 
 
 
Cardiac 
event 
Referral & uptake 
to CR 
Core CR programme Completion of CR 
and discharge 
Phase 2: Effectiveness of CR 
 
 
Phase 3: Factors associated with the effectiveness of CR 
 
 
Multi-variate 
logistic regression 
Systematic review and meta-analysis 
Multi-variate logistic regression and multinomial regression 
Figure 4 Alignment of CR patient pathway to research phase and main research methodology 
applied 
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Phase 1: CR utilisation and prediction of use  
Research question: How is CR utilised and what predicts initiation of use in the UK? 
 
To provide context for the main aim of this thesis this first study explored how: i) CR is utilised 
expanding beyond routinely reported metrics in the NACR annual report and in the absence of 
current UK literature ii) what patient level factors predict use. (Chapter 2, Paper 1 (Sumner, 2016)). 
 
Phase 2: Effectiveness of current CR programmes  
Research question: How effective are modern day CR programmes? 
 
To evaluate what influences the outcome of CR an understanding of the current benefits of CR 
programmes must first be sought. This research investigated effectiveness of modern-day CR using 
data from routine practice (non-RCT) drawing comparisons to RCT data.  (Chapter 3, Paper 2 
(Sumner, 2017)). 
 
Phase 3: Factors associated with the effectiveness of CR  
Research question 1: Does CR timing impact fitness-related outcomes? 
Research question 2: Does CR timing impact psychological outcomes? 
Research question 3: Does employment status impact patient outcome?  
 
In the context of the research conducted in phase 1 and 2 a number of projects were undertaken to 
investigate the association between service practice and patient level factors and patient outcome. 
Given the volume of potential research questions and the indefinite number of factors collected by 
the NACR two themes were chosen; CR timing and mental health, the justification for such is 
presented in Chapter 4. (Chapter 4, Paper 3 (Fell, 2016), Paper 4 (Sumner, 2018), Paper 5 (Harrison, 
2016)). 
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Chapter 2 Utilisation of Cardiac Rehabilitation Services 
This section focusses on phase 1: providing the contextual background for the programme of 
research by investigating how current UK CR is used and what patient level factors predict such use. 
 
Background 
The proportion of eligible patients accessing CR varies greatly across Europe; from 3% reported in 
Spain and up to 90% in Lithuania (Bjarnason-Wehrens, 2010). Barriers to participation have long 
been explored and many factors have been identified (Figure 5) (Melville, 1999; Lane, 2001; Bethell, 
2008; Cupples, 2010; Clark, 2012; Gaalema, 2014; McKee, 2014; Menezes, 2014)), which have 
provided some opportunities to intervene and improve rates in recent years (Karmali, 2014). 
However, CR still remains grossly under-used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In 2017 the overall rate of uptake for UK CR was estimated at 51% based on all eligible patients 
identified through HES data and programme verified attendance (NACR, 2017). Uptake in the UK 
has improved gradually over time (NACR, 2015; NACR, 2016; NACR, 2017) and exceeds the average 
European recruitment rate of 40% (Bjarnason-Wehrens, 2010), but the two most recent NACR 
reports note that women and older adults are under-represented in recruitment figures (NACR, 
2016; NACR, 2017). It is therefore important that uptake rates not only increase but are also 
equitable in terms of the population accessing CR to avoid inequities in care. Since the NACR collects 
Figure 5 Factors impacting participation in CR  
 
Poor Referral to CR particularly in specific groups e.g. women, non-whites 
Lower CR  
Participation 
• Lack of doctor endorsement 
• Accessibility i.e. transport issues 
• Smoker 
• Older aged patient  
• Female 
• Those that did not undergo CABG 
• Lower socioeconomic status 
• Employment status 
• Cost 
• Interest 
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information on patients and service use the audit dataset can be used to address the question: What 
determines initiation to CR in the UK? To date an abundance of literature has been published on 
this topic (Mazzini, 2008; Clark, 2012; Parashar, 2012; Kotseva, 2013; Gaalema, 2014; Barnard, 2015; 
Thorne, 2015), however there remains a distinct absence of a current, large-scale predictive 
analyses from the UK. Current and country specific data in the context of CR is important for two 
main reasons: 
 
i) Changes to service delivery occur over time: Development of home-based programmes 
(Anderson, 2017) and the National Institute for Health and Care Excellence (NICE) guidance 
published in 2010 recommending the inclusion of heart failure patients in UK CR (NICE, 
2010)  
ii) CR delivery varies by country: Inpatient versus outpatient, length of programme and cost to 
attend programmes  
 
A small number of English and UK cohort studies have previously explored the determinants of CR 
attendance through multi-variable analyses (Melville, 1999; Lane, 2001; McKee, 2014). In these 
studies significant predictors of non-attendance were older age, higher social deprivation, being 
unemployed/retired, history of poor exercise behaviours, not receiving thrombolysis treatment, 
prior history of MI or revascularisation and not receiving an outpatient appointment. However, 
these studies were limited by their sample size and/or number of study sites, the limited number of 
factors explored and age of the data. These limitations form the justification for a more extensive 
and current exploration into English factors which influence attendance at CR. 
 
Paper 1: Predictors Of Cardiac Rehabilitation Utilisation In England: Results 
From The National Audit 
Published in the Journal of the American Heart Association (Sumner, 2016)  
 
The aims of this study were to: 
 
i) Investigate CR utilisation rates in England expanding beyond the NACR report metrics; 
ii) Determine sociodemographic and clinical characteristics associated with CR initiation   
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The NACR is the most comprehensive UK dataset on real-life CR provision, utilisation, and patient 
outcome. The NACR dataset can also distinguish between different stages of CR utilisation, thus it 
was ideal for the purposes of this project. As not all metrics for CR usage are routinely reported in 
the NACR annual statistical report an overview of CR utilisation contributes to the existing literature 
(aim one). For this paper four levels of CR utilisation were defined and explored: 
 
Referral:  Completion of a referral form with receipt at the CR programme 
Enrolment:  Attendance at the pre-CR assessment 
Initiation:  Commencement of CR following the pre-CR assessment 
Completion:  Receiving CR for ≥ eight weeks as per UK minimum standards 
 
Analysis found that despite initial engagement with a CR programme there is a substantial drop in 
participating patients between referral and initiation of CR. For the second aim of this paper I was 
interested in what predicts initiation of CR following referral and the pre-CR assessment.  
 
Existing research has identified a great breadth of factors associated with CR use (Figure 5). In 
particular, sociodemographic and clinical factors have been identified as key predictors of CR use 
and as such were investigated in this large-scale English cohort. This data is also collected in 
sufficient detail in the NACR dataset to make the analysis feasible. Efforts were made to include all 
pertinent factors previously identified from the English and UK cohort studies predicting attendance 
(Melville, 1999; Lane, 2001; McKee, 2014) and from other countries (Mazzini, 2008; Clark, 2012; 
Parashar, 2012; Kotseva, 2013; Gaalema, 2014; Barnard, 2015; Thorne, 2015) where available in the 
NACR dataset.  
 
Measures of deprivation are almost consistently reported as key determinants of CR use regardless 
of country (Melville, 1999; Lane, 2001; Gaalema, 2014; Barnard, 2015; Thorne, 2015). Measurement 
of deprivation is extremely important as where someone lives, how they live as well as the social 
and economic conditions have been identified as determinants of health (Marmot, 2008; Marmot, 
2012; Buck and Maguire, 2015). Dahlgren and Whitehead’s (1991) rainbow model sums up this 
relationship as layers of influence surrounding individuals, which can positively or negatively affect 
risk of ill health, prevention of disease and access to treatment (Dahlgren and Whitehead, 1991).  
Various indices have been developed to measure deprivation in an attempt to quantify the many 
social and economic factors within a given area and are often used by governments to indicate 
where support and resource allocation may be required (Government Department for Communities 
P a g e  | 23 
and Local Government, 2015). Examples such as the Townsend (Townsend, 1988) and Carstairs 
scores (Carstairs and Morris, 1990) focus on the material aspects of deprivation, whilst the Index of 
Multiple Deprivation (IMD) (Government Department for Communities and Local Government, 
2015) attempts to factor both material and social dimensions of deprivation. A limitation of each of 
these tools is the assumption that deprivation is consistent within the area of assessment, however 
the alternative, individual grading of deprivation, is impractical on a large scale. 
 
In this analysis we included individual measures of deprivation such as employment status as well 
as an aggregate measure; the IMD. For the latter the NACR dataset was linked to the English Indices 
of Deprivation, specifically the IMD at the Clinical Commissioning Group (CCG) level (Government 
Department for Communities and Local Government, 2015). Each individual patient was assigned 
an IMD score according to the CCG in which their general practitioner was located. The application 
of IMD by lower-layer super output areas (i.e. deprivation score by small neighbourhood areas) 
would have provided greater accuracy, however access to patient level postal codes was limited at 
the time of this study. 
 
To achieve the second aim of this study a multi-variate regression design was applied to the dataset. 
Regression models are able to predict an outcome from a predictor variable(s) (Field, 2000), in this 
case CR commencement predicted by socio-demographic and clinical factors. CR commencement is 
a categorical binary outcome; therefore a logistic model was most appropriate in this instance. To 
consider the nested nature of the data (i.e. patients treated within CR centres) the Huber-White-
Sandwich estimator was used, which generates robust standard errors. 
 
The patient flow and CR utilisation is reported in Figure 6. Enrolment figures (49%) were short of 
the National Health Service target of 65% (Department of Health, 2013) but comparable to global 
rates (Samayoa, 2014). Only 37.2% of those who initiated CR completed at least eight weeks of CR. 
Enrolment and completion figures were attenuated by the degree of social deprivation with less 
deprived patients utilising CR to a greater degree compared to more deprived patients (p<0.001).  
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Significant factors associated with CR initiation were: Younger age, having a partner, not being 
employed, not having diabetes mellitus (type I or type II), having greater anxiety, not having a post-
MI referral indication or having CABG as a referral indication (Figure 7). In line with existing literature 
being of younger age, having a partner, not having diabetes and undergoing a more invasive 
treatment approach (i.e. CABG) have consistently been associated with higher CR initiation (Cooper, 
2002; Grace, 2008; Strens, 2013; Turk-Adawi, 2014; Chamosa, 2015). The effect of age is often 
attributed to lower referral rates among older patients, whilst social support is likely to increase 
enrolment for those in a relationship (Grace, 2008). Lower CR initiation rates by diabetics is 
consistently reported in the literature (Dunlay, 2009; Harrison, 2017). Treatment burden may offer 
one explanation for lower uptake. For example, travel and financial constraints are known 
treatment barriers in multi-morbidity (Rosbach and Andersen, 2017), therefore the requirement to 
travel to a CR centre may be a barrier to participation. Low motivation to change and tackle lifestyle 
risk factors may also explain lower uptake. One study in newly diagnosed diabetics reported 
engagement with exercise was dependent on disease severity (van Puffelen, 2015) whilst another 
study in diabetics reported patients tended to over-estimate their level of physical activity (Linmans, 
2015), which may mean participants perceive less of a need to attend CR. Further study is warranted 
to explore the experiences and perceptions of diabetics offered CR. Conversely, patients with more 
intensive/invasive acute cardiac intervention perceive greater mortality risk, and hence are 
motivated to reduce this risk via CR participation. 
English cardiac cohort during study period N=288,123 
 
Enrolled into CR N=141,648 (49%) 
Initiated CR N=97,406 (34%) 
Referred to CR N=234,736 (81%) 
Completion of ≥eight week CR programme 
N=36,306 (13% of entire cohort) 
Figure 6 Patient flow and CR utilisation rates 
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Contrary to the existing literature the IMD was not a significant predictor of CR initiation in this 
study, despite social deprivation being identified as an important factor previously (Gaalema, 2014; 
Barnard, 2015; Thorne, 2015). This may be explained by differences in the social deprivation 
measure used in this study compared to others. Another explanation may be that only particular 
component measures of social deprivation are associated but the effect is lost in the composite IMD 
score. For example, in this analysis employment status, one frequently used measure of 
socioeconomic status, was a significant predictor of CR initiation. Studies exploring employment as 
a predictor of CR use have however, reported both improvements in attendance (Cooper, 2002) 
perhaps a product of higher socioeconomic status, as well as lower participation (Clark, 2012; 
McKee, 2014), which may be attributed to work competing with time for CR. Prior data from the UK 
alone has reported both employment (Lane, 2001) and unemployment/retired (McKee, 2014) are 
both detrimental to CR attendance.  Reasons for the differences in findings regarding employment 
status are uncertain; perhaps greater detail on the employment history would elucidate a greater 
understanding. Sex was also not a significant predictor, although evidence from a recent systematic 
review showed enrolment may be predicted by sex (Samayoa, 2014). Lastly symptoms of anxiety, 
but not depression, were associated with a small increase in the likelihood of CR initiation. The 
higher burden of anxiety compared to depression may explain these results. 
 
To conclude, successful strategies to increase participation, such as self-monitoring, action planning 
and tailored counselling (Karmali, 2014), should be targeted to patients with the aforementioned 
factors. Further work is also needed to understand and improve rates of CR completion, which was 
low at 37% (of those initiating CR). 
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Figure 7 Predictors of CR initiation, odds ratio with 95% confidence intervals 
White ethnicity, IMD group three, retired and ‘other’ referral indication used as reference categories in 
regression. IMD: Index of Multiple Deprivation; BMI: Body Mass Index; BP: Blood Pressure; post-MI: post-
myocardial infarction; MI-PCI: myocardial infarction with Percutaneous Coronary Intervention; PCI: 
Percutaneous Coronary Intervention; CABG: Coronary Artery Bypass Surgery 
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P a g e  | 27 
Chapter 3 The Effectiveness of Cardiac Rehabilitation in Routine 
Practice 
This section focuses on phase 2: Providing the contextual background for the programme of 
research by investigating how effective routinely practiced CR in the modern era is. 
 
Background 
Despite clear national guidance (NICE, 2013b) the benefits of CR have been challenged. In 1997 
growing uncertainties around CR led to the commissioning of a new RCT; the RAMIT trial (West, 
2012). Although the results were damning, methodological issues in the trial led to questions around 
the validity of the study findings (Doherty and Lewin, 2012; Rashid and Wood, 2012; Taylor, 2012; 
Wood, 2012) and guidance remained unchanged. The emergence of the CR efficacy debate is 
unsurprising given almost half the trial evidence supporting CR synthesised in the most recent 
Cochrane review pre-dates the ‘statin era’ (Anderson, 2016). In addition to advances in 
pharmaceuticals programmes have diversified in their content, including education and 
psychological support, as well as the types of patient eligible for CR e.g. inclusion of heart failure 
patients (NICE, 2010). Thus, RAMIT was sorely needed.  
 
Since the RAMIT RCT the most recent 2016 Cochrane review on CR effectiveness identified no 
current RCTs with sufficient sample sizes to investigate the efficacy of modern standard CR care 
(Anderson, 2016). In an effort to overcome the aforementioned challenge and extend the external 
validity of trials, to determine the benefit of current day CR in routine practice, a recently published 
systematic review (the CROS review) included non-randomised studies from the statin era onwards 
(Rauch, 2016). The primary outcome, total mortality following CR, was confirmed although the 
secondary outcomes of cardiac mortality and re-hospitalisation were not evident contrary to the 
most recent Cochrane review of RCT evidence (Anderson, 2016).  
 
The CROS review provided valuable information on modern day routine CR effectiveness, however 
it included a mixed CR population and did not consider HRQOL. To understand whether the effects 
were similar within a homogenous sub-population and investigate reoccurrence of AMI and HRQOL, 
which were not considered in the CROS review, I conducted a separate systematic review in AMI 
patients. Specifically, observational studies recruiting AMI patients from ≥2000 onwards, which 
compared the effectiveness of CR versus no CR, were included.  
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Paper 2: The Effectiveness Of Modern Cardiac Rehabilitation: A Systematic 
Review Of Recent Observational Studies In Non-Attenders Versus Attenders  
Published in PLoS ONE (Sumner, 2017) 
 
The aims of this study were to understand the effect of CR: 
 
i) Outside the confines of a RCT; 
ii) Identify and synthesise ‘current’ effectiveness data on routine CR practice; 
iii) Extend knowledge from existing systematic reviews of observational and RCT data  
 
The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) (Moher, 2009) 
and the Meta-Analyses and Systematic Reviews of Observational Studies (MOOSE) (Stroup, 2000) 
guidelines were used in the conduct and write up of this study. The study protocol was prospectively 
registered on PROPSPERO; a database of systematic review protocols (registration number: 
CRD42015024021). 
 
The PICOS criteria i.e. participants, intervention, control, outcomes and study type and justification 
for selection criteria for this systematic review are defined in Table 1. The process of identifying and 
synthesising observational data is similar to that when using RCT data. The research question and 
selection criteria were defined, a search strategy was developed and implemented, data quality was 
assessed, and data synthesis conducted. However, a few points warrant discussion. Firstly, the 
indexing of observational studies is not as established or consistent as RCTs (Higgins and Green, 
2011). As such study design terms were not incorporated in the search strategy for this review to 
avoid missing publications. Instead combinations of medical subject headings and keywords around 
four themes were used: Cardiac population descriptors, CR intervention, CR use and patient 
outcomes. Search strings, similar to the standardised Cochrane search string for RCT’s (Higgins and 
Green, 2011), are currently under development by the Cochrane collaboration to improve 
observational search strategies (Belisario, 2013).  
 
A further point to raise is on the quality appraisal of observational data. For this study an appraisal 
checklist developed recently by the Cochrane collaboration was used (Wells, 2013). A major 
limitation of this appraisal tool was the inclusion of questions relating to pre-published study 
protocols. The practice of protocol publication has been slow to adopt to observational research 
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(Loder, 2010; Williams, 2010). As no pre-published protocols were identified for the included studies 
all questions relating to this topic had to be removed from the appraisal checklist. 
 
Lastly, this review limited the inclusion criteria to studies which recruited participants from the year 
2000 onwards. The purpose of this study was to systematically review current evidence on the 
effectiveness of CR in current routine practice. Cardiovascular care has evolved substantially over 
the last two decades; the introduction of statins (Johannesson, 1997), surgical advancements such 
as stenting for reperfusion (Montalescot, 2004) as well as the publication of multiple international 
guidelines on modern standards of care between 1994 and 2003 (Balady, 1994; Department of 
Health, 2000; Jolliffe, 2001; Giannuzzi, 2003; Balady, 2007). Historical data, which is often included 
in existing systematic reviews on CR, is arguably a poor reflection of modern-day practices. On this 
basis and so the conclusions of this review are applicable to modern care standards the date 
restriction was imposed and this period is considered as the ‘modern CR’ era as outlined in Chapter 
one. 
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Table 1 PICOS screening criteria 
Participants Male or female adults diagnosed with AMI; either ST-elevated (STEMI) or non-
ST-elevated (nSTEMI) were included. Both medically managed (i.e. drug 
therapies) or re-vascularised (CABG or PCI) AMI patients were included. The AMI 
population was chosen as the predominant cause of CHD related death and to 
minimise heterogeneity in the analyses population i.e. by factoring the impact 
of different care pathways. 
Intervention CR delivered as a structured, multi-component programme which included 
exercise and/or structured physical activity in addition to at least one of the 
following: information provision, education, health behaviour change, 
psychological support or intervention and social support. CR programmes using 
a mixture of supervised or unsupervised approaches conducted in any setting 
(inpatient, outpatient, community, home based) were included. 
Control Patients, as defined previously, who did not participate in CR. It was anticipated 
that patients in the control group were only medically supervised, usually by a 
general practitioner or equivalent, but may have also attended unstructured 
prevention programmes. 
Outcomes All cause- and cardiac-related mortality. Secondary outcomes included all cause 
and cardiac-related hospital re-admission, re-occurrence of AMI, re-
vascularisation and HRQOL. The outcomes were based on the criteria typically 
assessed in the Cochrane systematic reviews of CR effectiveness (Anderson, 
2016). 
Study type Observational studies (prospective or retrospective cohort, case-control data 
from routine practice) comparing CR attenders to non-attenders were included. 
Other criteria As a review of modern CR practice the search strategy and population inclusion 
was date limited from 2000 to present day. This is in line with the period of time 
when major cardiovascular treatment developments (Johannesson, 1997; 
Montalescot, 2004) and multiple international guidelines on modern standards 
of care, including CR service were introduced (Balady, 1994; Department of 
Health, 2000; Jolliffe, 2001; Giannuzzi, 2003; Balady, 2007).  Foreign language 
papers were included and translated where possible. 
 
P a g e  | 31 
Lastly, statistical analyses of observational research require appropriate confounding management 
in the absence of randomisation to study groups. Outcomes reported from observational research 
may therefore be ‘adjusted’ or ‘unadjusted’ according to whether confounding was addressed. 
Given the inherent differences in bias between adjusted and unadjusted outcomes forest plots were 
generated with subgroups by adjustment status. This also meant the potential impact of adjustment 
on the study findings could be visually examined (Figure 8). 
 
 
Figure 8 All-cause mortality forest plot: CR attenders versus non-attenders presented by adjusted 
and unadjusted outcome subgroups 
 
 
This systematic review identified 2,382 unique articles leading to eight papers meeting the inclusion 
criteria following screening. Reductions in mortality risk (Figure 8) and improvements in HRQOL 
were observed. Conversely CR had no effect on re-vascularisation or re-hospitalisation in this study. 
Overall, systematic reviews of RCT (Lawler, 2011; Anderson, 2016; Powell, 2018) and observational 
evidence (Rauch, 2016; Sumner, 2017) appear to draw differing conclusions. Specifically, no effect 
on total mortality (Lawler, 2011; Anderson, 2016; Powell, 2018), cardiac mortality (Powell, 2018) or 
re-admission (Lawler, 2011; Anderson, 2016; Powell, 2018) were observed in trial-based evidence 
synthesis contrary to observational evidence synthesis (Rauch, 2016; Sumner, 2017). This may 
reflect differences in the populations studied and intervention delivered where RCTS are frequently 
argued to be unrepresentative of routine practice. For example, the Cochrane reviews of trial-based 
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CR evidence include exercise-only formats as well as historical studies which pre-date treatment 
advancements and changes to service delivery, as outlined in Chapter one (Heran, 2011; Anderson, 
2016). Poor execution of systematic reviews can also lead to erroneous results, as is the case with 
the Powell (2018) review, which included a poorly defined intervention criteria as well as not 
rigorously adhering to their inclusion criteria of year ≥2000 onwards (Powell, 2018). Where 
similarities between trial and observational evidence did arise, meta-analysis was not conducted 
e.g. HRQOL, due to limited available evidence or meta-analysis were based on unadjusted analyses 
(Sumner, 2017) which are prone to bias (Bowers, 2008). Thus, with respect to unadjusted analyses, 
the conclusions should be interpreted with caution. 
 
In conclusion, there is divergence between the conclusions of current observational evidence 
synthesis and trial-based reviews with respect to total and cardiac mortality and re-hospitalisation. 
These differences may be expected when analyses of registry data will reflect routine practices and 
other reviews have included outdated evidence which does not reflect current day practices or the 
populations receiving care. There is also a need to obtain and analyse routine data on UK CR to 
determine the current day effects within local context and explore which patient and service level 
factors determine the greatest benefit.  
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Chapter 4 Factors Associated with Cardiac Rehabilitation 
Effectiveness 
This section focuses on phase 3: Investigating whether service practice and patient factors are 
associated with patient outcome. 
 
Background 
The benefits of CR have been demonstrated in both RCT (Lawler, 2011; Anderson, 2016) and 
observational studies (Rauch, 2016; Sumner, 2017) hence national and international guidelines 
continue to recommend CR (Department of Health, 2000; Giannuzzi, 2003; Balady, 2007; Piepoli, 
2012; Department of Health, 2013; NICE, 2013b; BACPR, 2017). For the purposes of maintaining best 
practice, once an intervention is implemented, it should be continually reviewed and refined. The 
NACR serves as a platform from which national CR programmes can be evaluated.  Indeed, national 
inequalities and inequities in CR practice and service use are clearly evident in the annual reports 
(NACR, 2016; NACR, 2017). For example, Figure 9 displays the median wait time between referral 
and programme start by each CR programme for MI/PCI and CABG patients. There is clear variation 
in wait-time by CR programme and referral indication. 
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Figure 9 Median wait time by CR programme for MI/PCI and CABG patients 
Modified from the NACR statistical report 2016 (NACR, 2016) 
 
 
Identifying programme differences is important especially if practice falls outside evidence-based 
guidelines, however the impact of variation on outcome is not understood or addressed in routine 
audit reporting and requires in-depth analysis. With this in mind, Chapter 3 summarises three 
papers which have used the NACR audit to address key research questions about the extent of 
service and patient variation and what this variation means in terms of patient outcome. Paper 3 
and 4 consider the influence of CR timing and paper 5 the influence of employment status on patient 
outcome. 
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Paper 3: Does The Timing Of Cardiac Rehabilitation Impact Fitness 
Outcomes? An Observational Analysis 
Published in Open Heart (Fell, 2016)  
 
The aims of this study were to explore: 
 
i) the characteristics of patients starting CR late; 
ii) to determine if an association between CR timing and fitness related outcomes exist 
 
National deviations in CR practice exist, of which CR timing is one example. CR timing in this context 
denotes the time between a patient’s referral to a CR programme and commencement of the core 
CR programme. At the time of this paper national guidelines and evidence indicated patients should 
be seen promptly and ideally start CR within four weeks of referral (Department of Health, 2010; 
NICE, 2011; BACPR, 2012; Piepoli, 2012; NICE, 2013b; BACPR, 2017); in practice not all programmes 
meet this target. Increasing service demands and decreasing NHS resources may account for this. 
There is, however, a perception that delays may not only reduce chances of enrolment but also 
impact the outcome of CR and emerging evidence appears to demonstrate this may be the case 
(Russell, 2011; Pack, 2013; Johnson, 2014), but the topic requires further exploration. To understand 
the impact of service variation on outcome an RCT design would not be suitable, both practically 
when assigning patients to different start times and ethically randomising patients to late starting 
CR, which goes against guideline recommendations. Instead routinely collected CR service data, 
such as that recorded in the NACR dataset, is required. A multi-variate logistic regression model was 
used to investigate how variation in CR timing, particularly outside recommended timeframes, 
impacts fitness-related outcomes.  
 
The focus on fitness-related outcomes was chosen on the basis that there is an emphasis on 
exercise-based CR reducing mortality (Anderson, 2016). CR originated as an exercise-only format 
and the first RCTs dating back to the 1980’s tested and proved efficacy in exercise only programmes 
(Anderson, 2016). Today CR is expected to be multicomponent and more recent studies have 
demonstrated the benefits of including other components such as education and psychological 
support (Anderson, 2016). That being said, exercise remains integral to delivering an effective CR 
programme. To capture the patient and clinician reported perspective of fitness three outcome 
measures were explored and included as categorical variables:  
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• Patient reported physical activity (150mins/week: yes or no)- the recommended weekly 
moderate intensity physical activity level (WHO, 2017b)  
• Physical fitness as a dimension of the Dartmouth Quality of Life scale (healthy status score 
one to three or non-healthy status score four to five) 
• The incremental shuttle-walk test (ISWT) (< 70 m improvement in distance or ≥ 70 m 
distance improvement pre- to post-CR)- a clinical measure of physical fitness 
 
CR timing was included as a continuous variable to test the impact on outcome of each day increase 
in wait time. In addition, in a separate analysis, CR timing was categorised as ‘on time’ (zero-28 days) 
or delayed (29-365 days). This cut point was based on recommendations that patients should be 
seen early, ideally within four weeks of referral. Adjusted cut points were set for CABG patients as 
this group must recover from surgery (sternotomy) before CR can commence. For CABG patients 
‘on time’ was defined as zero-42 days. Data were extracted between 2012 and 2015 and multi-
variate logistic regression analyses were run accounting for age, sex, number of comorbidities, 
duration of CR, BMI at baseline, systolic and diastolic blood pressure, smoking status, ethnicity, 
treatment and baseline activity level. The Huber-White-Sandwich estimator was used, which 
generates robust standard errors, to manage the nested nature of the data.  
 
A total of 32,899 participants were included in the analyses. Overall 63% of the study population 
were classified as attending CR late. Significant predictors of late CR were being older, female, non-
British, having a lower BMI, having at least one comorbidity, having higher systolic and lower 
diastolic blood pressure, being a current smoker, being less likely to achieve 150mins/week of 
physical activity and achieving a shorter ISWT distance. Reasons for late CR were not explored in 
this paper but variation in practice may be a product of increasing service demands and decreasing 
NHS resources. Case mix may also play a role; of late attenders 73% had at least one comorbidity 
compared with 69% in early attenders. Case complexity could certainly delay the start of 
rehabilitation. Referral indication also seems to play a role with post-MI patients experiencing the 
longest delays to starting CR (a median of 12 days longer than the maximum recommended wait 
time) despite these patients undergoing no revascularisation surgery, which might delay the start 
of CR.  
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The results from regression analyses are reported in Table 2. Significant associations between CR 
timing and fitness related outcomes were found, that is delayed timing is detrimental to fitness 
related outcomes. For every one-day increase in CR wait time patients were 1% less likely to improve 
across all fitness-related measures (p<0.05). This seems to ﬁt with a recent study of 1241 CR patients 
which concluded delayed enrolment is directly related to patient outcome (metabolic equivalent of 
tasks (METs) and weight improvement) (Johnson, 2014). A further analysis in 6497 CABG patients 
also found an association between longer wait time in CR commencement and less improvement in 
cardiopulmonary fitness (Marzolini, 2015). Chow et al (2010) also reported that peak changes in 
lifestyle, in those attending lifestyle and exercise programmes, occur within the first six months after 
acute coronary syndrome (Chow, 2010). Overall the notion that timing is important in optimising 
treatment response is supported by the evidence. 
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Table 2 Results from logistic regression: association between fitness-related outcomes and  
CR timing 
 Odds Ratio P value 95% CI 
CR wait time (days) a     
150 minutes physical activity/week 
achieved  
0.997 0.005 0.995, 0.999 
Healthy QOL relating to physical fitness 
reported 
0.996 <0.001 0.995, 0.998 
Meaningful improvement in shuttle 
walk test distance achieved 
0.997 0.003 0.995, 0.999 
Late CR b    
150 minutes physical activity/week 
achieved 
0.863 0.051 0.744, 1.000 
Healthy QOL related physical fitness 
reported 
0.773 0.001 0.668, 0.893 
Meaningful improvement in shuttle 
walk test distance achieved 
0.793 0.008 0.669, 0.941 
CR: Cardiac Rehabilitation, QOL: Quality of Life, CI: Confidence Interval. Analyses were adjusted for 
age, sex, number of comorbidities, duration of CR, BMI at baseline, systolic and diastolic blood 
pressure, smoking status, ethnicity, treatment and baseline activity level. Data were clustered with 
centres using cluster robust standard errors. 
a Number of days between referral to CR and start of core CR 
b Late CR was defined as the time between referral to CR and start of core CR 29-365 days for post-
MI, PCI, MI-PCI patients or 43-365 days for CABG patients.  
 
 
The paper concludes that CR timing is an important determinant of post CR fitness-related 
measures. With many programmes not meeting recommendations for timely CR it is important that 
barriers to timely commencement of CR are identified and strategies are developed to overcome 
avoidable delays. A mixed method design, which refers to the use of quantitative and qualitative 
methods in one or a series of studies, could be one approach to investigate this question further. 
The approach is more holistic in that different dimensions are considered and a greater depth of 
understanding is achieved. For instance, in paper three quantitative analysis was used to predict 
clinical outcome according to wait-time. A qualitative study such as a focus group discussion or 
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individual interviews could be conducted with health care professionals and patients at CR centres 
with long delays to explore reasons for delay. The information gathered from qualitative work would 
provide context and greater meaning to the numeral data, leading to appropriate solutions being 
developed.   
 
Overall the impact of the paper has been such that CR timing has been included as one of the quality 
criteria in the recent NACR_BACPR CR certification programme and discussed in the most recent 
NACR statistical reports (NACR, 2016; NACR, 2017). 
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Paper 4: Does Service Timing Matter For Psychological Outcomes In Cardiac 
Rehabilitation? Insights From The National Audit Of Cardiac Rehabilitation.  
Published in the European Journal of Preventative Cardiology (Sumner, 2018) 
 
The specific aims of this study were to: 
 
i) To investigate participation of patients eligible for CR with and without symptoms of anxiety 
and depression;  
ii) to determine if an association between CR timing and mental health outcomes exists 
 
Increasingly patients attending CR are multi-morbid (NACR, 2017). Frequently those with chronic 
conditions experience mental health problems such as depression and anxiety (Naylor, 2012); 
cardiology is no different. In a systematic review the prevalence of major depression was reported 
as 19.8% and the proportion with symptoms of depression ranged from 15-31% depending on which 
screening instrument was used in acute myocardial infarction (AMI) survivors (Thombs, 2006). As 
part of modern CR practices in the UK symptoms of depression and anxiety are assessed during 
baseline assessment. Several screening tools exist and are used commonly in clinical practice: The 
Hospital Anxiety and Depression Scale (HADS) (Zigmond and Snaith, 1983; Snaith, 2003), Patient 
Health Questionnaire (PHQ-9) (Spitzer, 1994), Becks Depression Inventory (BDI) (Beck, 1961) and 
the Generalized Anxiety Disorder tool (GAD-7) (Spitzer, 1994) are just a few examples. The 
comparative utility of such tools has been previously critiqued in CHD and coronary arterial disease 
populations (Bunevicius, 2013; Haddad, 2013; Ceccarini, 2014). PHQ-9 and BDI have been reported 
as the preferred instruments for depression screening due to their ease of use and accuracy, whilst 
HADS maybe preferred for anxiety screening. Although HADS is advantageous in that it evaluates 
depression and anxiety together, a systematic review of HADS data reported inconsistencies across 
studies, specifically its ability to distinguish between the constructs of anxiety of depression have 
been questioned (Cosco, 2012). This has led to the development of a further study investigating the 
diagnostic accuracy of HADS, through analysis of patient-level HADS data, which is currently 
underway (Thombs, 2016). Despite this ongoing debate the 2017 BACPR guidelines continue to 
recommend the use of HADS in clinical practice (BACPR, 2017). Based on the BACPR 
recommendation and the limited data collected on other screening tools in the NACR dataset, HADS 
was included in this analysis. 
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There are several reasons why screening for mental health conditions is important. Existing evidence 
has shown poor adherence to CR, reduced access of health services and an increased interest in 
unhealthy behaviours (McGrady, 2009; Naylor, 2012). Mortality and re-AMI have also been 
adversely linked to mental health (Frasure-Smith, 1993; Bush, 2001; Rutledge, 2009; Batelaan, 
2016). A position paper by the European Association of Cardiovascular Prevention and 
Rehabilitation (EACPR) concludes that the success of CR depends on managing underlying mental 
health conditions (Pogosova, 2015).  
 
Although the treatment of co-morbid mental health conditions should take precedence, it is also 
important to understand if service practices are related to mental health to encourage best practice. 
Service variation, specifically timing of CR, has previously been implicated in impacting patient 
outcome (Fell, 2016). This project therefore set out to explore if mental health outcomes are 
associated with CR timing. As the NACR collects routine service delivery and mental health outcomes 
its use was deemed ideal to investigate this question. Timing i.e. time between referral and core CR 
start, was defined as per paper 3, however there were a number of differences between paper 3 
and this project as I shall outline. Unlike paper 3 this study also considered change in outcome pre- 
to post-CR in addition to outcome at follow-up. In brief, post-CR hospital anxiety and depression 
scale (HADS) scores were included in the analyses as a categorical variable (no symptoms/ symptoms 
present) with scores less than eight representing low or no symptoms of anxiety or depression 
(Zigmond and Snaith, 1983; Snaith, 2003). Change in HADS category between pre- and post-CR were 
also derived and categorised as: 
 
• Symptomatic to non-symptomatic 
• No change in symptomatic patients 
• Non-symptomatic to symptomatic 
• No change in non-symptomatic patients  
 
Three different statistical techniques were applied to analyse the data. Firstly, I explored the 
marginal probabilities of the outcome occurring over time i.e. the percentage probability of being 
classed as symptomatic over wait-time. Secondly, the amount of variance due to data clustering by 
centre was investigated using intra-class correlations (ICC) for HADS scores, wait-time and CR 
duration i.e. does the average HADS score vary by centre. Thirdly, I considered the impact of missing 
data on the results through multiple imputation. 
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Multi-variate logistic regression analyses were performed to investigate the relationship between 
CR wait-time and post-CR outcome (HADS category). Multinomial logistic regression models were 
used to investigate the relationship in change in anxiety and depression between pre- to post-CR 
and wait-time. ’Non-symptomatic to symptomatic’ was used as the reference category as I was most 
interested in reporting the effect of wait time on achieving a positive outcome i.e. symptomatic to 
non-symptomatic. All analyses were adjusted for age, sex, number of comorbidities, CR duration, 
ethnicity, relationship status, employment status, history of previous cardiac event, treatment 
received, year of initiating event and baseline anxiety and depression score (baseline scores 
included in the CR wait-time and post-CR outcome analyses only). To consider the nested nature of 
the data (i.e. multiple patients treated within the same CR centre) the Huber-White-Sandwich 
estimator was used, which generates robust standard errors. Logistic and multinomial regressions 
were also run in sensitivity analyses using imputed data. Missing data were imputed using the 
multiple imputation chained equations (MICE) method (Azur, 2011). Age, sex, ethnicity, number of 
comorbidities, employment status, relationship status, CR duration, history of previous cardiac 
event, treatment received, year of event, and baseline and post-CR HADS scores were included in 
the imputation model. 
 
In the analysis sample 39,588 patients completed CR and had a complete pre and post HADS 
assessment (approximately 70% of those who completed CR and had a baseline HADS). Participants 
were primarily male, British and had a mean age of 65 years. Symptoms of anxiety and depression 
at baseline were identified in 28% and 17% of patients respectively decreasing to 21% and 12% post 
CR. ICCs demonstrated roughly similar HADS distributions across CR programmes, however variation 
in the wait-time to start CR and duration of CR were observed.   
 
In those without and without symptoms of anxiety and depression wait-time did not vary 
substantially (range 36-37 days). This was similar for most HADS change categories (range 35-37), 
except for those who remained symptomatic who waited the longest (40 days). The duration of CR 
did not substantially vary for those with and without anxiety symptoms (one day difference) but 
was significantly longer for those with depression compared to those without (four days longer 
p<0.001). For change in HADS category those who remained non-symptomatic had the shortest CR 
duration (58 days) and those who went from non-symptomatic to symptomatic had the longest at 
63 days. Non-completion of CR was higher in those with symptoms of anxiety (28%) and depression 
(31%) compared to those without, 5% and 8% difference respectively (both p<0.001).  
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Statistically significant associations were observed between CR wait-time and symptoms of anxiety 
and depression (Table 3). The associations largely remained significant in sensitivity analysis with 
imputed data. In other words, delayed CR or increasing wait-time increases the likelihood of being 
symptomatic post-CR. Analysis by change in HADS category also identified a number of similar 
significant associations (Table 4). Overall the symptomatic to non-symptomatic HADS change 
category had the most consistent significant association with wait-time, however in sensitivity 
analysis with imputed data none of these effects remained statistically significant (Table 5). 
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Table 3 Results from logistic regression: CR wait-time (late CR or CR wait-time in days) and 
likelihood of having symptomatic anxiety or depression scores following CR 
 Observed data Imputed data 
 
 
Symptoms of 
anxiety 
OR (95% CI) 
Symptoms of 
depression  
OR (95% CI) 
Symptoms of 
anxiety 
OR (95% CI) 
Symptoms of 
depression  
OR (95% CI) 
CR wait-time 
(days) a 
OR 1.001 p=0.001 
(1.0008, 1.003) 
OR 1.002 p<0.001 
(1.001, 1.003) 
OR 1.0008 p=0.02 
(1.0001, 1.001) 
OR 1.001 p=0.001 
(1.0004, 1.001) 
Late CR b 
OR 1.13 p=0.002 
(1.04, 1.23) 
OR 1.24 p<0.001 
(1.12, 1.38) 
OR 1.04 p=0.07 
(0.99, 1.10) 
OR 1.09 p=0.01 
(1.01, 1.001) 
CR: Cardiac Rehabilitation, OR: Odds Ratio, CI: Confidence Interval. Analyses adjusted for age, sex, 
comorbidity, CR duration, ethnicity, relationship status, employment, history of previous cardiac event, 
treatment received, baseline anxiety and depression score and year of initiating event. Data were clustered 
with CR centres using cluster robust standard errors. 
a Number of days between referral to CR and start of core CR 
b Late CR was defined as the time between referral to CR and start of core CR 29-365 days for post-MI, PCI, 
MI-PCI patients or 43-365 days for CABG patients.  
Symptoms present defined as score ≥eight 
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Table 4 Results from multinomial logistic regression: CR wait-time (late CR or CR wait-time in 
days) and change in anxiety and depression category (Observed data)  
 Observed data 
Change in HADS 
category 
Change in anxiety category 
RR (95% CI) 
Change in depression category 
RR (95% CI) 
Late CR b 
CR wait-time 
(days) a Late CR b 
CR wait-time 
(days) a 
Non-symptomatic 
to symptomatic Reference group   
Symptomatic to 
non-symptomatic 
0.85 p=0.04  
(0.74, 0.99) 
0.99 p=0.006 
(0.994, 0.9991) 
0.81 p=0.01 
(0.68, 0.95) 
0.99 p=0.46  
(0.997, 1.001) 
No change: 
symptomatic 
1.04 p=0.58 
(0.89, 1.21) 
0.99 p=0.85  
(0.997, 1.001) 
1.06 p=0.42 
(0.90, 1.24) 
1.002 p=0.004 
(1.0008, 1.004) 
No change: non-
symptomatic 
0.93 p=0.26  
(0.82, 1.05) 
0.99 p=0.03 
(0.996, 0.9998) 
0.85 p=0.01 
(0.74, 0.97) 
0.99 p=0.09 
(0.997, 1.0002) 
RR: Relative Risk, CI: Confidence Interval, CR: Cardiac Rehabilitation, HADS: Hospital Anxiety 
Depression Scale. Analyses adjusted for age, sex, comorbidity, CR duration, ethnicity, relationship 
status, employment, history of previous cardiac event, treatment received and year of initiating event. 
Data were clustered with CR centres using cluster robust standard errors. 
a Number of days between referral to CR and start of core CR 
b Late CR was defined as the time between referral to CR and start of core CR 29-365 days for post-
MI, PCI, MI-PCI patients or 43-365 days for CABG patients.  
Symptoms present defined as score ≥eight 
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Table 5 Results from multinomial logistic regression: CR wait-time (late CR or CR wait-time in 
days) and change in anxiety and depression category (Imputed data) 
 Imputed data 
Change in HADS 
category 
Change in anxiety category 
RR (95% CI) 
Change in depression category 
RR (95% CI) 
Late CR b 
CR wait-time 
(days) a Late CR b 
CR wait-time 
(days) a 
Non-symptomatic 
to symptomatic Reference group 
Symptomatic to 
non-symptomatic 
0.95 p=0.37 
(0.86, 1.05) 
0.99 p=0.16 
(0.99, 1.00) 
0.93 p=0.20 
(0.83, 1.03) 
0.99 p=0.85 
(0.99, 1.00) 
No change: 
symptomatic 
1.02 p=0.58 
(0.93, 1.13) 
0.99 p=0.96 
(0.99, 1.00) 
1.03 p=0.59 
(0.90, 1.18) 
1.001 p=0.16 
(0.99, 1.00) 
No change: non-
symptomatic 
0.98 p=0.78 
(0.90, 1.07) 
0.99 p=0.29 
(0.99, 1.00) 
0.94 p=0.27 
(0.85, 1.04) 
0.99 p=0.43 
(0.99, 1.00) 
RR: Relative Risk, CI: Confidence Interval, CR: Cardiac Rehabilitation, HADS: Hospital Anxiety 
Depression Scale. Analyses adjusted for age, sex, comorbidity, CR duration, ethnicity, relationship 
status, employment, history of previous cardiac event, treatment received and year of initiating event. 
Data were clustered with CR centres using cluster robust standard errors. 
a Number of days between referral to CR and start of core CR 
b Late CR was defined as the time between referral to CR and start of core CR 29-365 days for post-
MI, PCI, MI-PCI patients or 43-365 days for CABG patients.  
Symptoms present defined as score ≥eight 
 
 
Variations in the timing of CR have been reported in the NACR annual report and in some instances 
programmes fall outside of recommended practice. CR wait-time was found to be a significant 
predictor of psychological outcomes, to the effect that delays are detrimental. Overall, baseline 
assessment, in particular mental health status, is important so a patient’s programme can be 
tailored to the patient and co-morbidity is managed. Programmes falling outside recommendations 
must also strive towards timely delivery of CR.  
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Paper 5: Relationship Between Employment And Mental Health Outcomes 
Following Cardiac Rehabilitation: An Observational Analysis From The 
National Audit Of Cardiac Rehabilitation  
Published in the International Journal of Cardiology (Harrison, 2016) 
 
The aims of this study were to: 
 
i) determine the characteristics of patients attending CR by employment status; 
ii)  determine if and to what extent an association between employment status, mental health 
and QOL exists 
 
CR is a well evidenced and established intervention (NICE, 2013b). National and international 
evidenced-based guidelines acknowledge CR can be beneficial to HRQOL among other benefits 
(Department of Health, 2000; Giannuzzi, 2003; Balady, 2007; Piepoli, 2012; Department of Health, 
2013; NICE, 2013b; BACPR, 2017). Baseline assessment of participants allows for tailoring of care as 
per the ‘menu-driven’ approach recommended by the BACPR (BACPR, 2017). Baseline assessment 
also provides opportunities to more specifically target and tailor an intervention for those at risk of 
poorer outcome. Employment status has been identified as a factor which influences service use 
and outcome. For example, paper 1 in this thesis identified that being employed significantly 
decreased the likelihood of CR participation (OR 0.86, 95% CI 0.77-0.96) (Sumner, 2016). Evidence 
has also associated unemployment with worse health outcomes, including mental health and well-
being (Fryers, 2003; Bambra and Eikemo, 2009). However, the link between employment and health 
has scarcely been studied in CR populations. One study in PCI patients found lower QOL at baseline 
and 12 months after treatment in unemployed patients (Leslie, 2007). To further explore the 
relationship between health and employment in CR populations this study set out to investigate 
whether employment status influences mental health and quality of life outcomes in CR 
participants. The NACR dataset routinely collects socio-demographic information, including 
employment status and mental health outcomes in those attending CR, making it an ideal dataset 
to achieve the aims of this project.  
 
At the time of this study approximately two thirds of the CR population were identified as retired 
(NACR, 2015). Therefore, three employment status categories were used in this study; unemployed, 
retired and employed. Mental health was assessed using the HADS scale, which assesses symptoms 
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of anxiety and depression. Participants were categorised according to established clinical cut-offs 
with scores less than eight representing low or no symptoms of anxiety or depression (Zigmond and 
Snaith, 1983; Snaith, 2003). QOL was assessed using the ‘general QOL’ and ‘feelings’ dimensions of 
the Dartmouth QOL Scale and scores were dichotomised to healthy (score one to three) or 
unhealthy (score four to five). Multi-variate logistic regression analyses were run adjusting for age, 
sex, number of comorbidities, duration of CR, treatment and social deprivation as determined by 
the IMD score. Employed working status was used as the reference category.  
 
A total of 24,242 CR participants were included in the analyses. Those in the employment category 
were significantly more likely to be male and have less comorbidities than those unemployed or 
retired. Participants were significantly older in the ‘retirement’ group as would be expected. At 
baseline a significantly lower proportion of unemployed participants were categorised as healthy 
according to HADS or the Dartmouth scales compared to those employed or retired. Unemployed 
participants were also significantly more likely to change from an unhealthy to a healthy category 
following CR; this is likely due to the greater propensity to change. 
 
The results from regression analyses are reported in Table 6. The investigation found an association 
between unemployment and depression and well-being outcomes, but not anxiety. That is, 
unemployed participants of CR are significantly less likely to be categorised as healthy in terms of 
depression and well-being following CR. Although the lack of association with anxiety may not 
appear to align with existing evidence, for example one meta-analysis reported higher psychological 
problems, including anxiety, in the unemployed (Paul and Moser, 2009), it is important to consider 
differences in the study population, study designs and analysis. Further investigation could also be 
undertaken to evaluate the moderating effects of certain variables i.e. sex, which is strongly 
associated with anxiety disorders (Bandelow and Michaelis, 2015). 
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Table 6 Results from logistic regression: association between employment status and mental 
health and well-being 
 Odds Ratio P value 95% CI 
Unemployed    
No symptoms of anxiety 0.934 0.56 0.743, 1.175 
No symptoms of depression 0.734 0.034 0.552, 0.977 
Healthy Dartmouth feelings reported 0.772 <0.001 0.675, 0.884 
Healthy Dartmouth QOL reported 0.525 <0.001 0.406, 0.678 
Retired    
No symptoms of anxiety 0.992 0.980 0.513, 1.915 
No symptoms of depression 0.978 0.892 0.711, 1.346 
Healthy Dartmouth feelings reported 0.988 0.872 0.849, 1.149 
Healthy Dartmouth QOL reported 0.802 0.151 0.593, 1.084 
QOL: Quality of Life, CI: Confidence Interval. Analyses adjusted for age, sex, number of 
comorbidities, duration of CR, treatment and social deprivation. Data were clustered with CR 
centres using cluster robust standard errors. 
Symptoms not present defined as score <eight on Hospital Anxiety Depression Scale 
Dartmouth scale healthy score one to three 
 
 
To conclude, employment status is an important factor to consider when tailoring care for 
individuals. For example, increased monitoring of mental health in unemployed participants may be 
advised or tailoring of care for those identified as unemployed with poor baseline HADS and 
Dartmouth QOL scores. For instance, the recent Scottish Intercollegiate Guidelines Network (SIGN) 
CR guideline recommends the provision of a relaxation course (SIGN, 2017). Future work should 
seek to determine what types of intervention tailoring would enable unemployed participants to 
derive the same benefits from CR.    
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Chapter 5 Conclusion of Research Chapters 
The implementation and delivery of routine services often varies in practice. In the UK the NACR has 
reported on several inconsistencies, however the implications of such were unknown. The 
overarching aim of these works were to identify and better understand determinants of quality 
delivery and outcome and, where evident, promote positive service change for patient benefit. On 
this basis a programme of research was conducted which investigated how CR is currently utilised 
and what predicts initiation, how clinically effective current day CR is and what variations in service 
delivery (CR timing) and patient profile (employment status) mean in terms of patient outcome. The 
results of this work led to five publications and have informed the NACR_BACPR certification 
programme, which was implemented to drive service improvement.  
 
From this body of work I will summarise three key topics, which have implications for future 
practice: Pre-CR assessment, the use of NACR dataset and observational methods. The first topic: 
pre-CR assessment, refers to the baseline evaluation of a patient before they commence CR. The 
information gathered offers the CR team a profile of attending participants and subsequently how 
the offered programme can be tailored to meet the needs of each patient. This approach fits with 
the recommended ‘menu-driven’ approach as advised in the BACPR guidelines (BACPR, 2017). Pre-
CR assessment can also be used as a benchmark for individual participants, which can be used to 
track progress and provides an opportunity to consider the patients’ health service experience prior 
to CR i.e. wait-time and what an individual’s profile may mean in terms of outcome i.e. employment 
status. Tailoring of CR to this level may offer additional improvements by factoring the dimensions 
of equity and equality, however further work would be required to understand to what extent 
tailored patient care could reduce risk of poor outcome in particular patient groups. For example, 
could those who experience a delay to commencing CR benefit from a longer CR programme? 
Overall the current work identified a number of small statistically significant effects, which are 
clinically relevant and support the use of pre-CR assessment as outlined. 
 
To robustly evaluate the impact of pre-assessment a post-CR assessment must be conducted. 
Patient progress is severely undermined if data capture is incomplete and missing data, particularly 
at follow-up, is evident in the NACR dataset. The NACR receives data from approximately 74% of CR 
in the UK (NACR, 2017) but the completeness of the data from each site is variable. Missing data 
prevents complete tracking of all participants and/or the inability to adjust for particular variables 
in analysis. Overall this leads to reductions in the analysis sample size and can cause bias in the 
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sample being analysed. A main advantage of observational research approaches is that they reflect 
routine practice, but this can be hindered if data is missing. To that end the analyses conducted have 
consistently reported on the challenges of missing data within the NACR dataset. This has fed into 
both the BACPR guidelines (BACPR, 2017) and the NACR_BACPR certification programme, which 
promote completion of post-CR record in the NACR dataset. 
 
Lastly, despite advances in statistical analysis techniques, which have greatly improved the rigour of 
observational findings by managing confounding i.e. adjusted regression analyses, propensity-based 
analyses, matching techniques (Kahlert, 2017), there is still a lag in effectively applying these 
techniques. Paper 2; a systematic review of observational CR effectiveness studies, identified many 
observational studies with limited or no adjustment for confounding despite the review date limiting 
to current literature (≥year 2000). Pre-publication of protocols, a best practice standard, has also 
been slow to adopt in observational work (Loder, 2010; Williams, 2010). Adoption of best practices 
is needed to provide rigorous evidence for policy makers, especially in cases where RCTs are not 
feasible. 
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Chapter 6 Conclusion of Thesis 
CR is an evidence-based intervention which has been shown to reduce mortality, morbidity and 
improve HRQOL, however it is largely unknown what impact variation in service delivery and patient 
profile may have on outcome. The work presented forms a coherent body of research by first 
exploring the utilisation and effectiveness of routine CR using data from the NACR and a systematic 
review of observational studies. These studies (papers 1 and 2) essentially provide valuable context 
as to the current status of modern-day routine CR. With this baseline in place the work continues 
by exploring how the heterogenous nature of patients and service delivery impacts outcome along 
two key themes; CR timing and mental health. The work highlights the importance of using pre-CR 
assessment as a tool to tailor care and/or why variation of practice needs management, the 
common limitations of the conducted work and potential for future investigations. This body of work 
has achieved its aims by identifying factors associated with CR initiation and outcome and by 
informing the assessment criteria for the NACR_BACPR certification programme, thus impacting 
practice.      
 
Chapter one outlined why observational methods were appropriate for this programme of research. 
In brief, the distinction between pragmatic trials and observational work is defined; the latter can 
be used for real world evaluation rather than evaluation of a ‘realistic simulation’ (Barnish and 
Turner, 2017). There are also instances where RCT’s, pragmatic or otherwise, are unethical or 
impractical. For example, the effectiveness of routine CR cannot be re-evaluated in RCT as it would 
be unethical to withhold recommended treatment from the control participants. Likewise, you could 
not delay a participant’s treatment to explore the impact this has if guidelines have established 
timely intervention is required. Notwithstanding RCTS as the gold standard for establishing efficacy, 
there was a need for the observational approach in these studies. The NACR is the most 
comprehensive UK dataset on real-life CR provision, use and patient outcome and was thus ideal for 
the purposes of these projects. The research presented also supports the joint aims of the British 
Heart Foundation funded NACR to improve care and prevent inequalities and inequities. Overall the 
work serves as an exemplar of the utility and strength of observational research; through analyses 
of registry data and meta-analysis of published observational data. 
 
Regarding impact, in 2015 the NACR and BACPR launched the national CR certification programme. 
The programme’s aim is to evaluate CR performance according to criteria deemed key to successful 
high-quality CR and ultimately drive service quality. Raising awareness of data completion issues, 
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the benefit of pre-CR assessment and more specific criteria such as CR timing have been reported 
on in four of the five publications presented in this thesis. The body of work is timely, largely 
conducted between 2014-2016, and has fed into the reporting of service delivery as part of the 
NACR annual report and formed one of the criteria developed for the NACR_BACPR certification 
programme.      
 
Completion of these research projects has also revealed a number of avenues for future research; 
the most substantial being the need for an observational investigation into the effectiveness of 
routine CR. Paper 2 identified no current UK studies of CR effectiveness in routine practice for AMI 
patients (i.e. registry data). Furthermore, the effectiveness of modern CR continues to be challenged 
to this date. A 2018 review of RCT evidence comparing exercise and non exercise-based CR, 
excluding historical trial evidence (<year 2000), found no effect on all-cause and cardiovascular 
mortality and a significant but clinically irrelevant effect on hospital re-admission (Powell, 2018). 
However, this review included exercise only CR formats, which are arguably non-representative of 
current CR practices i.e. multi-component. To truly address the question of routine CR effectiveness 
an investigation of routine patient data is required; to that end I am working with the NACR research 
group managing an application to link the NACR dataset to HES and ONS data. The aim is to explore 
mortality, re-admission and re-occurrence in patients attending CR or not. This dataset will also 
facilitate further investigations into what service or patient factors drive mortality, re-admission and 
re-occurrence outcomes. In addition, papers 1, 3 and 4 also support further investigations into the 
effects of service variation on patient outcome. CR duration or ‘dose’ is one specific area that 
requires attention.  
 
To conclude, this thesis began by providing the theoretical justification for observational research 
approaches. The publications presented demonstrate the practical application and utility of using 
observational techniques to address important issues in CR care. The body of work highlights the 
importance of considering service and patient variation when delivering routine CR, re-emphasising 
the importance of pre-CR assessment. Furthermore, this work has fed into NACR annual reporting 
and a national initiative to drive service improvement; the NACR_BACPR certification programme.   
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Appendices 
 
Appendix I: Candidate’s Publications 
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Paper 1: Predictors Of Cardiac Rehabilitation Utilization In England: Results 
From The National Audit 
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Paper 2: The Effectiveness Of Modern Cardiac Rehabilitation: A Systematic 
Review Of Recent Observational Studies In Non-Attenders Versus Attenders 
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limitations; conclusions and implications of key findings; systematic review registration number.  
P2 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  P3-5 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  
P4-7  
METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if 
available, provide registration information including registration number.  
P5 
Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 
considered, language, publication status) used as criteria for eligibility, giving rationale.  
P5-7 
Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 
identify additional studies) in the search and date last searched.  
P5 
Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it 
could be repeated.  
P5-7 
Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  
P5-7 
Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and 
any processes for obtaining and confirming data from investigators.  
P7-8 
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Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  
P7-8 
Risk of bias in individual 
studies  
12 Describe methods used for assessing risk of bias of individual studies (including specification of 
whether this was done at the study or outcome level), and how this information is to be used in any 
data synthesis.  
P8 
Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  P8-9 
Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  
P8-9 
Searches  
Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and  
Ovid MEDLINE(R) 1946 to Present. 
1  exp myocardial infarction/  
2  myocardial ischemia/  
3  coronary disease/  
4  heart disease/  
5  (myocard$5 adj3 (infarct$ or ischemia$ or revasc$ or disease$)).ti,ab.  
6  ((ischaemi$2 or ischemi$2) adj3 heart).ti,ab.  
7  (infarct$5 adj5 heart).ti,ab.  
8  myocardial revascularization/  
9  coronary artery bypass.ab,ti.  
10  CABG.ti,ab.  
11  PTCA.ti,ab.  
12  ((heart or myocard$5 or coronary or cardiac) adj stent$).ti,ab.  
13  heart bypass, left/  
14  heart bypass, right/  
15  1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14  
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16  rehabilitation/  
17  rehabilitation centers/  
18  rehabilitat$.ti,ab.  
19  secondary prevention/  
20  exercise therapy/  
21  physical exertion/  
22  (physical$4 adj (fit or fitness or train$5 or therap$5 or activit$5 or exercis$5)).ti,ab.  
23  ((exercis$5 or fitness) adj (treatment or intervent$4 or program$2 or therapy)).ti,ab.  
24  Patient Education as Topic/  
25  ((patient$ or health) adj (education or promot$)).ti,ab.  
26  health education/  
27  health promotion/  
28  
((lifestyle or life-style) adj (treatment or intervent$4 or program$2 or therapy)).ti,ab.  
29  self care/  
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30  (self adj (manage$5 or care or motivate$5)).ti,ab.  
31  counseling/  
32  counsel$.ti,ab.  
33  psychotherapy/  
34  psychotherap$3.ti,ab.  
35  health behavior/  
36  (behavio$ adj (modify or modificat$ or therap$ or change)).ti,ab.  
37  
16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or  
31 or 32 or 33 or 34 or 35 or 36  
38  participat$.ti,ab.  
39  attend$.ti,ab.  
40  
(Referral and Consultation).mp. [mp=title, abstract, original title, name of substance word, subject 
heading word, keyword heading word, protocol supplementary concept  
 
word, rare disease supplementary concept word, unique identifier]  
41  uptake.ti,ab.  
42  take up.ti,ab.  
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43  taking up.ti,ab.  
44  user$.ti,ab.  
45  (nonuse$ or non-use$).ti,ab.  
46  (nonparticipat$ or non- participat$).ti,ab.  
47  (nonattend$ or non-attend$).ti,ab.  
48  (utiliz$ or utilis$).ti,ab.  
49  (non-utiliz$ or non-utilis$).ti,ab.  
50  38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49  
51  prognosis/  
52  prognosis.ti,ab.  
53  mortality/  
54  mortality.ti,ab.  
55  patient readmission/  
56  readmi$5.ti,ab.  
57  epidemiology/  
58  epidemiology.ti,ab.  
59  treatment outcome/  
60  (treatment adj outcome).ti,ab.  
61  51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60  
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62  (cardiac rehabilitat$ adj User$).ti,ab.  
63  (cardiac rehabilitat$ adj attend$).ti,ab.  
64  (cardiac rehabilitat$ adj participat$).ti,ab.  
65  62 or 63 or 64  
66  exp animals/ not humans.sh.  
67  15 and 37  
68  67 and 50  
69  68 and 61  
70  69 or 65  
71  70 not 66  
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Abbreviations 
AMI Acute Myocardial Infarction 
BACPR British Association for Cardiovascular Prevention and Rehabilitation 
BDI Becks Depression Inventory 
BMI Body Mass Index 
BP Blood Pressure 
CABG Coronary Artery Bypass Surgery 
CCG Clinical Commissioning Group  
CHD Coronary Heart Disease 
CI Confidence Interval 
CR Cardiac Rehabilitation 
GAD Generalized Anxiety Disorder 
GRACE Global Registry of Acute Coronary Events 
HADS Hospital Anxiety Depression Scale 
HES Hospital Episodic Statistics 
HF Heart Failure 
HRQOL Health Related Quality of Life 
ICC Intra Class Correlations 
IMD Index of Multiple Deprivation 
ISWT Incremental Shuttle Walk Test 
METS Metabolic Equivalents 
MICE Multiple Imputation Chained Equations 
MOOSE Meta-analyses and Systematic Review of Observational Studies 
NACR National Audit of Cardiac Rehabilitation 
NHS National Health Service 
NICE National Institute for Health and Care Excellence 
ONS Office of National Statistics 
OR Odds Ratio 
PCI Percutaneous Coronary Intervention 
PHQ Patient Health Questionnaire  
PRISMA Preferred Reporting Items for Systematic reviews and Meta-Analysis 
RCT Randomised Controlled Trial 
RR Relative Risk 
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UK United Kingdom 
WHO World Health Organisation 
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